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Abstract 

' • Unambiguous isospin violation in the strong interaction sector is a key 

I issue in low energy hadronic physics, both experimentally and theoreti- 

cally. Bernstein has employed the Fermi- Watson theorem to demonstrate 
that pion photoproduction is a process where isospin violation in the tvN 
system can be revealed, an approach we review here. Here we propose 
a general operator approach to the phenomenon in pion photoproduc- 
j^-^ ' tion, thereby providing an analogue for the framework that was proposed 

for ttN scattering by Kaufmann and Gibbs. The resulting set of ampli- 
' tudes could form the basis for determining the multipole amplitudes for 

^N) ' photoproduction. Thus, the so resulting phase shift determination from 

, photoproduction can then be used via the Fermi- Watson theorem to re- 

' solve discrepancies in tvN phase shift analyses. We point out that casting 

I effective Lagrangian results in terms of our framework would be benefi- 

cial. The upcoming polarization experiments are an ideal setting to test 
^ l' our approach, and also to constrain better the isotensor currents which 

I , strictly are not forbidden. 

> 

X, 

^ , Of the key issues in hadronic physics (for a eponymous white paper on the 

subject, see ref. PP), the issue of isospin violation in the low energy strong in- 
teraction sector is an important one (see Sec. 5.1 of Pj), both theoretically 
and experimentally. Charge symmetry breaking in hadronic reactions (for a 
review see, ref. for which there have been remarkable new experimental 

signatures in the reactions dd —> air'^ 0] and in the reaction np — > dn^ [S]. 
Related investigations in the theoretical front have also been presented, see, 
ref. . In general the issue of charge symmetry breaking and isospin conserva- 
tion (also known as charge independence in the hadronic sector) and violation 
have consequences in the nucleon-nucleon sector, for a sample of reviews see, 
e.g., ref. [7113 El . 

The situation is less clear in scattering processes: there have been several 
analyses of nN scattering data with the aim of establishing isospin violation 
in the system ^l^J, which all see evidence for isospin violation, although 
the numerical size of the violation remains uncertain. This matter is of great 
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importance to low energy strong interaction dynamics as pointed out by Wein- 
berg 22 • Indeed, isospin violation due to the quark mass difference rrid — ruu, 
where rud and rriu are fundamental parameters of the standard model , will 
lead to pronounced effects in the ttN scattering lengths at leading order in chiral 
perturbation theory, recalling here that chiral perturbation theory is the effec- 
tive low energy theory of the strong interactions (for a few excellent reviews, 
see, e.g. ^2). Meifiner and co-workers have worked out the consequences of the 
quark mass difference to higher order in a series of investigations |15| . 

A completely general approach to isospin violation ttN scattering has been 
presented in ref. . In this framework, which is based on the treatment of all 
possible operators that may arise due to isospin violation are considered and 
classified thoroughly in terms of operators, denoted by 6*^, i = 1, ...10. It thus 
provides a general platform for the analysis of the ttN system. 

In QCD isospin violation is due to the non-vanishing of {nid — Wu), and is 
introduced at the level of the microscopic Lagrangian as an isovector. Isospin 
violation would arise in all hadronic processes involving the strong interactions, 
as well as the electromagnetic interactions. This could, in principle, at higher 
orders generate all possible isospin violating operators in each process of interest, 
that could connect the particles in the initial state to those in the final state 
subject to the constraints of isospin addition and charge conservation, and the 
strengths of which ought to be computable in QCD in principle. Indeed the 9i 
of Kaufmann and Gibbs is precisely this set for irN scattering.^ 

In the effective low-energy theory, it should also be possible to recast all 
the operators arising in chiral perturbation theory into combinations of the 9i 
of Kaufmann and Gibbs with calculable coefficients in terms of the low-energy 
constants and quark masses, for partial results, see ref. |17j . 

Bernstein ^1 ^1 12(J[ |2] in a series of publications has pointed out that 
pion photoproduction is an ideal setting for probing isospin violation in the ttN 
sector, in the reaction 7p — > ttN. [For recent experimental information on pion 
photoproduction, see, e.g. It may be recalled that in the isospin sym- 

metric limit it is described in terms of two isospin amplitudes corresponding to 
/ = 1/2, 3/2. A celebrated result associated with pion photoproduction is that 
the pion photoproduction phases are indeed the ttN phase shifts in this limit, 
which goes under the name of the Fermi- Watson theorem |22|, when the elec- 
tromagnetic interaction is retained to leading order. Bernstein has generalized 
the theorem in the presence of isospin violation when there are three open chan- 
nels, and on treating quantities proportional to the isospin violating quantity 
rrid — rUu on par with quantities of 0(e), where e is the electronic charge. The 
isospin violation due to the charged and neutral pion mass difference, a quantity 
of O(e^) is put in by hand, as is the elastic phase shift Sj. 

One of the important objectives of the present work is to provide an opera- 
tor framework for the analysis of hadronic isospin violation that feeds into pion 
photoproduction. Stated differently, we provide a framework for pion photo- 

^In the following, we shall refer to the framework in which we determine the relevant set 
of operators for pion photoproduction, as the analogue of the framework of Kaufmann and 
Gibbs for ttN scattering, in recognition of their pioneering approach. 
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production, analogous to that of Kaufmann and Gibbs for ttN scattering. In 
practice this turns out to be straightforward, and requires an extension due to 
inclusion of neutron targets. There is considerable amount of data available for 
this case as well, see, e.g. |23 and references therein. 

We note here that some authors have reported many results on the subject 
of (neutral) pion photoproduction in the isospin conserving case [^Hl- It is 
likely that isospin violation is also worked out in chiral perturbation theory for 
pion photoproduction, and it would be beneficial to cast the results of those 
computations in terms of the operators presented in this work. 

In Sec. 12 we review the proposal of Bernstein by providing a setting for 
his version of the the Fermi- Watson theorem from a general approach to the 
unitarity conditions found in the literature |21| |2Z|. This provides a unified 
framework for inequivalent representations that Bernstein has considered in his 
treatment of the problem. This would also benefit us, for we shall propose that 
a determination of photoproduction multipole amplitudes from our operator 
approach can then be fed back via the Fermi- Watson theorem to resolve the 
discrepancies in the TriV phase shift analyses. 

We will then proceed to describe the construction of the operators that 
enter the photoproduction process and classify the terms according to their 
tensorial properties in Sec. |3| We will present expressions for the transition 
amplitudes which will explicitly demonstrate the isospin violation. We will 
propose that these ought to be the basis for the analysis of the multipoles of 
pion photoproduction amplitudes. We shall then compare the determination of 
isospin violation in such an analysis, with that from the Fermi- Watson approach. 
We shall finally point out that a phase shift analysis that results from our 
approach could be fed back into the TriV system via the Fermi- Watson theorem 
to resolve the discrepancy in those analyses. 

Of special interest is the possibility of carrying out polarization measure- 
ments. In particular, there is the Jefferson Laboratory Letter of Intent 
(LOI) which proposes to carry out photoproduction experiments at high preci- 
sion to determine better resonance parameters. We provide a brief discussion 
on the significance of these measurements in constraining isospin violation con- 
sidered here in Sec. ^ 

We recall that an analogous situation arose in the past when it was suggested 
that one may be able to observe an isotensor contribution to the electromagnetic 
current. This possibility is not disallowed in the standard model at higher order, 
and was considered seriously in |29l , while non- vanishing evidence for its 
effect on photoproduction was also reported in the past [3T]. However, later 
experiments provided null results, for a review, see, e.g. ref. We conclude 
by pointing out that the new polarization measurements that are planned may 
be used to better constrain the isotensor contributions. 

A summary is provided in Sec.|31 Finally in Appendix 1X1 we recall the main 
features of the original formalism of Kaufmann and Gibbs for -kN scattering 
as this process is so closely allied to pion photoproudction, and in Appendix IbI 
we present the contributions of the amplitudes including the possible isotensor 
contributions to the electromagnetic currents to the reactions of interest and 
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briefly describe the special role that is played by the A(1232) resonance in 
constraining the isotensor amplitude. 



2 Fermi- Watson theorem approach to isospin vi- 
olation 

In this section we review the Fermi- Watson theorem approach to isospin vio- 
lation. Our treatment is based on the approach of Oka 26 and that of Hen- 
ley We present expressions presented by the latter, in a notation suited 
to our needs. For a three coupled channel 5— matrix, in which we have weak 
coupling between one channel denoted here by 7, with the other two denoted by 
a, b, where the channels are mutually absorptive, the following representation 
holds for the partial waves of the scattering: 



provided: 



and 



'-'07 — ^07 + '^67 _ , — 2' ^ ' 



+ - VaVbP 



qH _ H , ■ H VbP 

^bf ~ ^bf + *£a7 , n- K'^J 

+ yTa ~ Vamp 

In the above, e^, represent the matrix elements for the transitions, p is the 
absorption parameter in the 2x2 subsector spanned by a, b. 

Bernstein has presented expressions for two cases, in the limit when = 
7, a, b are all equal to unity. These correspond to the cases when 

(A) a = 0, 6 = c, for the case of elastic and charge exchange scattering in 
which the three channels of interest are 7p, tt^p, ir'^n I!) . and 

(B) a = 1,6 = 3 which represent the the value 2/, where / is the definite 

isospin in the ttN system, where the three channels of interest are ^N, (ttN)'^-'^^, 
(7riV)2^=3 ^ 

In case (A), and in the limit of unity elasticities, p is identified with sin0 
in ref. and the transition matrix elements are the corresponding multipole 
amplitudes for pion photoproduction. For completeness we reproduce the S- 
matrix given therein, for the three channels 7p, ir^p, ir'^n: 



e 



2i&., 



iM^ cos^ie^^-^o i sin^e*(''«+'''=) 
iMl isin(^e''(''''+'''=) coscAe^*'''' 
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In this limit the multipolcs for pion photoproduction read: 

= e'(''^+'''=) [^;,eos((/)/2) + iA'^ sin(<?!>/2)] 
= e^(^T+5c) [^'^ cos(0/2) + iA'„ sin(0/2)] . 

In the above A'q, A'^ are quantities proportional to the multipole matrix ele- 
ments for the charge non-exchange and charge exchange scattering respectively. 
Bernstein proceeds to relate the quantities above to multipole amplitudes of 
pion photoproduction. In the near threshold region, we have cos((/)/2) 1 and 
here it is now possible define a quantity 

(3 ~ Eo+i'jp 7r+n)ace2;(7r+n ~* Tr°p), 

where -^0+ is the multipole moment and Ucex is a ttN scattering length. This 
quantity is used to demonstrate the unitarity cusp associated with the two-step 
process 7p —> ir'^n tt^p, in the limit of isospin conservation, barring the 
pion mass difference. Furthermore, in this limit Bernstein points out that the 
presence of isospin violation denoted by Sucex may be detected. 

It must be pointed out that away from the threshold region, the limit 
cos(^/2) ^ 1 no longer holds. Our operator construction of the next section 
may be used to demonstrate isospin violation away from threshold as well. 

In case (B), the result is presented for the case where p — simp, where 
tjj is a small quantity. This corresponds to the S-matrix for the channels 

iMi COS V'e^*''! 
iM2 zsinV'e^('^i+'^3) 

The unitarity condition then yields: 

Ml = e'^'^^+'^i) [Ai cos(?/'/2) + iAj, sin(V'/2)] 
M3 = e^('^^+''^) [^3 cos(V'/2) + iAi sin(VV2)] . 

In the above Ai , A3 are quantities proportional to the multipole matrix elements 
for the amplitudes of definite isospin in the absence of final state interactions and 
isospin violation. Bernstein also sets for this case, 5-^ = 0. Using experimental 
information based on two independent analyses of TriV scattering, Bernstein 
concludes that at a pion kinetic energy of about 40 MeV, V — 0.010±0.004 piT] . 
In contrast, it is hoped that the operator approach which is to be described in 
the next section can assist in unambiguously demonstrating isospin violation, 
without taking recourse to any information from the ttN sector. Furthermore, 
this coupled channel analysis is valid only below the 27r threshold. 



isini/;e*(''i+''-') 
cos 
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3 Operator approach to isospin violation 



The traditional analysis of pion photoproduction, see ref. |33|. relies on two 
assumptions: 

(a) that the electromagnetic current transforms as 

\ ir + Fro) , 
viz. an isoscalar and an isovector part, and, and that; 

(b) there is no isospin violation in the hadronic system, due to which the inter- 
action in isospin is proportional to an operator that transforms an isoscalar: 

Os = r • (3) 

In the above, t = {tq,ti,T2) is an isovector containing the Pauli matrices and 
$ is an isovector containing the pions. 

In the past, assumption (a) has been questioned (and it has been shown that 
even in the standard model, at higher order in the electromagnetic field, this 
assumption is violated). This is the basis of the isotensor contribution to the 
electromagnetic current, see Appendix which transforms as 

/* 

(ti +T2~ 2to) . 



2^/T5 

There has been no treatment of a departure from assumption (b) in general 
in the literature. In fact, by providing all possible isospin violating terms in this 
context, here we are providing the general operator framework accounting for 
strong isospin violation in the process. This amounts to providing the counter- 
part for pion photoproduction, of the framework of Kaufmann and Gibbs for 
ttN scattering. 

Isospin violation in the hadronic system can arise from the most general term 
of the type T^^j, i,j = 0, 1, 2. The nine possible combinations can be organized 
into a scalar O5, a vector whose components are given by 

and a traceless symmetric tensor whose components are 

(r,$j 4- Tj$,)(l - 6'^), Ti$i - T2$2, n$i + r2$2 - 2to$o- 

Of the operators listed above, the i = component of the vector operator alone, 
and the last of the tensor components listed above alone conserve electric charge. 
Therefore we can introduce 2 operators: 

Ov = -j(Ti<I>2 - T2$i) (4) 

Ot = Ti<^i + T2<^2 - 2to$o- (5) 



■^The determination of this contribution to the amplitude is a tremendous experimental 
challenge. We shall discuss this further in Sec. |3] In Appendix B, we also provide a short 
discussion on the mechanism for the relevant isotensor contributions. 
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The set Os, Oy, Ot for pion photoproductfon, is the counterpart of the set 
di, i = 1,...10 of ttN scattering in the Kaufmann and Gibbs framework (see 
Appendix . It may be reiterated that Os is isospin conserving while the 
other two, Oy, Ot are isospin violating. 

We begin by recalling that the overall matrix element for the scalar case 
involves the amplitudes that we shall denote by \ ^g''' and A^g^ when the 
Pauli matrices appearing in the interaction of the nucleon with the photon and 
pion are arranged as 

Q4-)[r,;,ro] + i4+){r,;,ro} + 4"^) (6) 

In analogy therefore, the new operators contribute to the matrix element for 
the cases of vector and tensor through amplitudes denoted by \ A^j^\ R = 
y, T associated with the commutator, anti-commutator accompanying and 
A^-*, R = V,T accompanying 

The contributions of these amplitudes to the physical reactions may now 
be evaluated in a straightforward manner which then reads for the reactions 
denoted by Ra, a = 1,2, 3, 4, and defined below. They read: 

-Ri : T{'yn — > vr^n) = 

-4^ + 4+' + 24' -24+', (7) 

R2 ■■ T(7p ^ ttV) = 
40)+4+)_24"-24+', (8) 

i?3 : r(7n ^ TT^p) = 
V2Af'' - V2A^i^ - V2A^^'' + V2Ai-^ + V2A^^'^ - V2Ai,-\ (9) 

i?4 : T{"/p TT+n) = 
V2Af^ + V2A[7^ + V2A^°^ + V2A^f^ + V2AI°'^ + V2Alfl (10) 

We take this opportunity to suggest that this set of amplitudes be the basis 
for the analysis of pion photoproduction multipole analysis. In this manner, 
isospin violation in the hadronic sector could be probed with no recourse to the 
Fermi- Watson theorem. The amplitudes A^^\ A^^\ R = V,T get contributions 
due to {rrid — niu) 7^ 0. The vector amplitudes receive contributions at leading 
order in this quantity, while the tensor will receive contributions only at higher 
order. 

We may infer from this that the analogue of the triangle relation of Kauf- 
mann and Gibbs (sec Appendix IXjl for pion photoproduction reads: 

T(7n —^ TT^p) + T{'jp —f TT+n) = —V2 (T{jn —f ir^n) — T{'jp —>■ tt^p)) (11) 

in the absence of isospin violation, viz, when all the amplitudes due to Oy, Ot 
are set to zero. 

In light of the expressions above, it may be seen that indeed one cannot 
probe the vector like isospin violating interactions without a charge exchange 
reaction involving the nucleons. This is in accordance with the observations of 
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Weinberg ^^id those of Bernstein ^1 El HOI- On the other hand, it is pos- 
sible to observe isospin violating interactions of the tensor type in neutral pion 
production. Such an interaction is not likely to be important in the low-energy 
regime where the isospin violating contribution can be coupled at leading order 
only in a vectorlike manner. However, our framework opens up the possibility of 
probing isospin violation at higher energies by considering the reactions above. 

4 Polarization experiments 

Bernstein [211 El has pointed out repeatedly the availability of polarized 
targets/beams would significantly enhance the capacity of experiments to probe 
isospin violation. The main reason for this is that polarization affords the possi- 
bility of measuring the multipole amplitude Im(i<^o-i-) (for notation see ref. (331) 
in the near threshold region. In this regard, we draw attention to the Jefferson 
Laboratory LOI 28, where it has been proposed to carry out photo production 
experiments using target /beam polarization. It is expected that there will be 
high statistics experiments, including also neutron targets (the proposal here 
involves both deuteron as well as carbon targets). Indeed, the measurements of 
the low multipoles of photoproduction amplitudes could be used to study the 
deviations from the isospin conserving relation given in eq. It should also 

be possible to determine, process by process, the contributions of the isospin 
violating amplitudes to the phases of the multipole amplitudes. Indeed, there 
is already data from the experiment E94-104 at high energies, which could 
possibly be analyzed for isospin violating effects at these energies. 

Another of the important objectives set out in the Jefferson Laboratory 
LOI 28 is to determine better the parameters of the resonance denoted by 
^33(1232). In this regard, we now turn to the issue of the determination of the 
isotensor contribution to the electromagnetic current. (Note also that our am- 
plitude upto a numerical factor is not distinguishable from the isotensor 
contribution to the electromagnetic current.) The determination of this ampli- 
tude is a very challenging one from an experimental point of view due to the 
contributions from A^"-* in the non-resonant region. However, one place where a 
clear signature can be seen is at an energy corresponding to the production of an 
/ = 3/2 resonance, the A(1232), where the isoscalar part of the current makes 
no contribution, and the production amplitude would involve only the isovector 
and isotensor parts, resulting in an interference between the two contributions. 
Here, Sanda and Shaw 31 find evidence for an isotensor contribution to the 
electromagnetic current from data obtained with polarized photons. However, 
from analysis of later experimental data there have been null results presented 
in the literature. In ref. |35j an experiment with tagged photons found no evi- 
dence for isotensor component to the crosssection, while ref. |HS1 reports results 
from an experiment that observes the differential crosssection at several different 
angles, which also found no evidence. Null results are also reported in ref. (37| . 
based on experiments with polarized photons. Here it has been pointed out that 
target asymmetries could play a role in resolving ambiguities. In the light of 
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the proposals presented in the LOI, and due to the likehhood of the availabihty 
of polarization and other facilities at Jefferson Laboratory detailed therein, the 
upcoming experiments there could play a crucial role in settling this question.'^ 

5 Discussion and Summary 

In this work, we have revisited the issue of observing isospin violation in the 
hadronic sector from pion photoproduction. We have pointed out that the appli- 
cation of the Fermi- Watson theorem is one approach that has been considered 
in the past. We have presented a comparison of different techniques used to 
arrive at the pertinent expressions by appealing to general treatments. We have 
pointed out that there is a general operator approach also to the phenomenon, 
which we have worked out here. In essence, it is the counterpart of the Kauffman 
and Gibbs construction for ttN scattering. 

The operator approach described here, yields a set of amplitudes for pion 
photoproduction which should be the basis for the determination of the multi- 
pole amplitudes for the processes of interest. The resulting phase shifts can then 
be inserted into a Fermi- Watson like system to provide a set of constraints for 
ttN phase shift analyses which are in mutual disagreement at the moment. The 
Fermi- Watson approach of Bernstein uses well known ttN phase shift analyses 
to establish isospin violation in photoproduction. This latter is also constrained 
to be valid only below the 27r threshold, and is to leading order in the elec- 
tric charge. The treatment presented in Case (A) of Bernstein requires the irN 
scattering length as an input to demonstrate isospin violation at the photo- 
production threshold, while the treatment in Case (B) requires ttN phase shift 
analyses as an input. Our treatment does not require these inputs. 

We have considered the virtues of polarization experiments and have pointed 
out that at the upcoming facilities, one may constrain isotensor contributions to 
the electromagnetic current, expected to arise at higher orders better. Our work 
is likely to be a useful platform for the construction of results from effective La- 
grangians and a basis for analysis of crosssections which can be used to constrain 
isospin violation in the hadronic sector. Finally, we point out here that a deter- 
mination of photoproduction amplitudes including the effects due to the isospin 
violating operators presented here, could then be used via the Fermi- Watson 
theorem to resolve the discrepancies in the ttN phase shift analyses. 

^In this regard, it should be noted that pion electroproduction experiments have been con- 
sistently seeing evidence for an isotensor amplitude. Data from the recent SLAC experiments 
NEll and E133 yield 1381 . for the ratio (T„/crp for the crosssections on neutron and proton 
targets, 0.72 ± 0.09, to be contrasted with the value from older data of Kobberling 1391 . of 
0.91 ± 0.03, at the A(1232) resonance. This ratio should be unity in the absence of isotensor 
contributions. 
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A Formalism of Kaufmann and Gibbs for ttN 
scattering 

For the ten reactions (listed in Table I of ref. of interest, a general analysis 
of isospin violation in terms of a set of 10 standard operators designated 9i, i = 
1,...,10 (listed in Table II of ref. ^Hl) is presented. The matrix elements for 
all these operators are listed (see Table III of ref. ^^1) and the result is also 
presented in the isospin basis (see Table IV of ref. JSI^)- We note here some of 
the features of the work: 

1. 01^5 are isospin conserving, ^4^6,(10) violate isospin but are invariant under 
charge reflection, ^3.7^(9) conserve neither isospin nor charge reflection, Og, 
besides not conserving isospin and charge reflection, only connects 7 = 3/2 
states. 

2. In the elementary examples of isospin violation, the combination 




represents the Coulomb interaction and that this combination gives the 
product of the nucleon and pion charge. 

3. TT*^ — 77 mixing, a quantity that receives contributions at leading order in 
(nid — rUu) transforms as 

07- (13) 

4. The triangle identity, which holds in the isospin conserving limit, can be 
expressed as 

T{tt+p TT+p) - T{Ti-p TT-p) = V2T{tt+p TT°n). (14) 

*We point out here that all the signs corresponding to the entries of 9g and 810 in Table 
IV of ref. 1161 need to be consistently reversed. 
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In the work of Kaufmann and Gibbs a treatment of a final state theorem is 
presented, which allows one to transform certain 1=1 operators into other 
1 = 1 operators by left and right multiplication by isospin conserving operators. 
In particular, it could turn an operator that transforms with the transformation 
law of p — u! mixing (^3) into one that has the transformation law of tt^ — 77 
mixing. 



B Isotensor contributions 

We begin by recalling that in the limit of isospin conservation in the hadron 
sector, we have the isospin relations for the amplitudes t^^ , I = 3/2, 1/2 reading 

A — /ig Jig 

= + 2Alr^ 

Note that = yl^"-* contributes to / = 1/2 amplitude. The admission of 
an isotensor operator can lead up to / = 3/2 state, when represented by an 
amplitude . These together yield for the processes of interest |3J : 

i?i : -A" + A^/3 + 2AyVlE + 2Ay^, 
i?2 : ^0 + A^/3 - 2A^/Vl5 + 2^3/3, 
i?3 : \/2 (AO - A^/3 + A^VT^ + A^S) , 

i?4 : \/2(v4" + A73 + AV\/T5-v43/3). 

It may also be noted that the amplitude contributes to the Ri, i = 1, 2, 3, 4 
in the same way as \/T5A^^ . These amplitudes are the basis of the analysis of 
photoproduction amplitudes in ref . {31j . In this work, the multipole amplitudes 
M{_i_, i = 0, 1, 2, 3 have been studied in detail. 

We present here some salient features of the possibility of detecting the signa- 
ture of the isotensor amplitude from the formation of the resonance A(1232) |3l)[ 
1^ (see also refs. ^UllS)- At the resonance, the isoscalar amplitude does not 
contribute to the crosssection except for the nonresonant background. If, for 
example, the dominant multipoles Mi+ are being probed, then the presence of 
the isotensor would lead to an interference term proportional to Re(Mf^Mf_|_). 
The model for the isotensor term which is the basis of the analysis of Sanda and 
Shaw is written down in the static model of Chew et al. jl^li by introduc- 
ing an isotensor jAn coupling, and required the resulting multipole moment to 
verify a fixed-t dispersion relation. This allows for the isotensor interaction to 
participate in the resonance production. 
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